Introduction
============

Fibrinolysis is a mechanism of fibrin breakdown in blood clot inducing enzymatic activation of plasminogen to plasmin, which cleaves fibrin molecules. As a degradation product of fibrin, [d]{.smallcaps}-dimers are produced when cross-linked fibrin is degraded by plasmin-induced fibrinolytic activity, thereby correlating with intravascular levels of fibrin turnover.[@b1-cmc-suppl.2-2014-001]

[d]{.smallcaps}-dimer tests are broadly used as an excellent non-invasive triage biomarker in patients with acute thoracic pain especially in the absence of an ischemic origin of the symptoms in order to rule out or identify potential life-threatening differential diagnoses including acute aortic syndrome and pulmonary embolism. Owing to the high negative predictive value of the high-sensitive test, potential harmful diagnostic measures may be avoided.

Laboratory Assessment
=====================

[d]{.smallcaps}-dimer levels can be assessed by microplate enzyme-linked immunosorbent assay, enzyme-linked immunofluorescence assay, whole-blood cell agglutination, or latex agglutination tests.[@b2-cmc-suppl.2-2014-001] The sensitivity, specificity, and negative predictive value of [d]{.smallcaps}-dimer tests depend on the kind of used test, the cutoff value, and the kind of assumed disease.[@b3-cmc-suppl.2-2014-001] Cutoff levels are influenced by the kind of test used and may differ between different laboratories. [d]{.smallcaps}-dimer levels are associated with the amount of clotted blood. Highest levels are reached in massive venous thromboembolism and after cardiovascular arrest.[@b4-cmc-suppl.2-2014-001]

Differential Diagnosis of Acute Chest Pain
==========================================

Acute chest pain as a heterogeneous symptom with several different causes still represents one of the cardinal symptoms of patients requiring emergency medical care.[@b5-cmc-suppl.2-2014-001] Besides a broad variety of different non-cardiac conditions, among others, gastrointestinal as well as pulmonary diseases and musculoskeletal disorders, diseases of the heart and main vessels including acute coronary syndrome, pulmonary embolism, and acute aortic syndrome cause thoracic pain. Owing to the acute life-threatening implications especially of the latter, fast diagnosis is crucial. In this setup, the negative predictive value of [d]{.smallcaps}-dimer testing is particularly valuable. However, because of limitations in specificity, [d]{.smallcaps}-dimer testing is only one component in the diagnosis of acute chest pain. Still, echocardiography (ECG), serial laboratory parameters including markers of myocardial necrosis, and other imaging methods such as computed tomography, angiography, or magnetic resonance are essential for the diagnostic workup.[@b6-cmc-suppl.2-2014-001]--[@b9-cmc-suppl.2-2014-001]

Impact of [d]{.smallcaps}-Dimers on Acute Coronary Syndrome
===========================================================

Acute myocardial ischemia is caused by thrombotic occlusion of coronary arteries, implicating that [d]{.smallcaps}-dimer levels should be raised in focal coronary thrombosis. Whereas troponin is a highly sensitive and specific parameter for myocardial injury, elevation is measurable not until 3--4 hours after onset of symptoms. By contrast, [d]{.smallcaps}-dimer propose earlier rise than common markers of cardiac injury. It has been demonstrated that increased [d]{.smallcaps}-dimer levels may serve as an independent diagnostic marker for myocardial infarction with an increase in diagnostic sensitivity of the electrocardiogram and clinical history plus [d]{.smallcaps}-dimer.[@b10-cmc-suppl.2-2014-001] These data were supported by recent studies, additionally emphasizing a potential prognostic value on top of the diagnostic benefit.[@b11-cmc-suppl.2-2014-001]--[@b14-cmc-suppl.2-2014-001] However, [d]{.smallcaps}-dimer levels correlate with the amount of clotted blood and therefore may exhibit a much lower rise in coronary occlusion than in other conditions, partly even below the lower detection limit. Owing to considerably more specific diagnostics and parameters in myocardial ischemia, [d]{.smallcaps}-dimer measurement is not yet used as a standard biomarker in the diagnosis of acute coronary syndrome and especially does not allow for discrimination of its differential diagnoses.

Value of [d]{.smallcaps}-Dimer Measurement in Pulmonary Embolism
================================================================

[d]{.smallcaps}-dimers have been shown to be highly sensitive in venous thromboembolism.[@b2-cmc-suppl.2-2014-001],[@b15-cmc-suppl.2-2014-001],[@b16-cmc-suppl.2-2014-001] Owing to the fact that deep vein thrombosis and pulmonary embolism often occur at the same time and up to 50% of patients with deep vein thrombosis have clinically inapparent pulmonary embolism, [d]{.smallcaps}-dimer levels can be used similarly in patients with deep vein thrombosis and pulmonary embolism.[@b17-cmc-suppl.2-2014-001] Therefore, the [d]{.smallcaps}-dimer test as a fast and cost-effective method is recommended in suspected pulmonary embolism. In this respect, a negative [d]{.smallcaps}-dimer test may exclude thromboembolism in approximately 30% of the patients presenting with suspicion of pulmonary embolism in the emergency department, thereby reducing potential complications and costs of further tests.[@b18-cmc-suppl.2-2014-001]--[@b20-cmc-suppl.2-2014-001] The use of pretest probability-adapted [d]{.smallcaps}-dimer cutoff values can even further decrease the number of imaging tests in patients with low pretest probability.[@b21-cmc-suppl.2-2014-001] However, rule-out should be restricted to normal [d]{.smallcaps}-dimer concentrations combined with only low to intermediate pretest probability.

[d]{.smallcaps}-Dimers in Aortic Dissection and Other Aortic Syndromes
======================================================================

The term acute aortic syndrome includes different conditions ranging from an intramural hematoma to typical aortic dissection, together characterized by a disruption of the structural integrity of the aortic wall with subsequent initiation of coagulation. Apart from clinical presentation, imaging methods, and other biomarkers, [d]{.smallcaps}-dimers might be of diagnostic as well as prognostic value.[@b22-cmc-suppl.2-2014-001] It has been shown that a positive [d]{.smallcaps}-dimer test has a sensitivity of about 97%, a specificity of 56%, a positive predictive value of about 60%, and a negative predictive value of up to 96%.[@b23-cmc-suppl.2-2014-001],[@b24-cmc-suppl.2-2014-001] Furthermore, [d]{.smallcaps}-dimer levels seem to correlate with the anatomic extension of the dissection.[@b25-cmc-suppl.2-2014-001] [d]{.smallcaps}-Dimer levels are higher in patients with type A than in those with type B dissection, and are predictors of acute mortality in type A aortic dissection patients.[@b26-cmc-suppl.2-2014-001] Thus, even if limited sample sizes, a lack of randomization and different testing methods, as well as different cutoff values so far biased the study results, [d]{.smallcaps}-dimer measurement represents a useful tool in order to identify subjects with a low probability of acute aortic syndrome when presenting with atypical chest pain.

Disturbing Factors in [d]{.smallcaps}-Dimer Measurement
=======================================================

Despite the high negative predictive value of [d]{.smallcaps}-dimer, the specificity is poor because of a multitude of other disorders going along with elevated [d]{.smallcaps}-dimer levels. Due to intravasal coagulation and fibrinolysis, representing a strong limitation in its usage as a single diagnostic procedure, [d]{.smallcaps}-dimers are also elevated in cardiac arrest and after resuscitation, severe circulatory disorders like shock and severe infection or systemic inflammatory response syndrome or ARDS as well as in disseminated intravascular coagulation, hemorrhage, trauma, after surgery, in pregnancy and in malignancies.[@b27-cmc-suppl.2-2014-001]--[@b36-cmc-suppl.2-2014-001]

Age-Related Adjustment of [d]{.smallcaps}-Dimer Levels
======================================================

As [d]{.smallcaps}-dimer levels are known to increase with age leading to a significantly lower specificity of only about 15% with increasing false-positive results especially in patients aged ≥80 years, their clinical usefulness is limited in elderly patients. Several studies investigated the positive effect of using age-adjusted cutoff values in venous thromboembolism.[@b37-cmc-suppl.2-2014-001]--[@b39-cmc-suppl.2-2014-001] In line with these results and according to the most recent ADJUST-PE study, pretest clinical probability assessment combined with an age-adjusted [d]{.smallcaps}-dimer cutoff value increases specificity in older patients with a low likelihood of venous thromboembolism.[@b40-cmc-suppl.2-2014-001] As referred to the differential diagnoses of acute chest pain, further studies on age-adjusted cutoff values in acute aortic syndrome are warranted, especially with respect to the initial stages such as intramural hematoma and penetrating aortic ulcers. Additionally, to date, age-adjustment in acute coronary syndrome lacks further scientific evaluation, but is thought to be of less priority in clinical routine.

Conclusions
===========

[d]{.smallcaps}-dimer as a marker for activation of coagulation system is a fast and cost-effective parameter used in emergency medicine in the discrimination of acute thoracic pain. Nonetheless, because of reduced specificity, [d]{.smallcaps}-dimer measurement is unsuited to serve as a single diagnostic procedure. Diagnostic analysis might be accelerated by correct interpretation of [d]{.smallcaps}-dimer values in context to clinical presentation, adequate pretest likelihood, ECG diagnostics, laboratory parameters, and extended non-invasive or invasive imaging procedures.
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